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One of the major topics in primate evolution is the phylogenetic position of the bizarre Daubentonia madagascari-
ensis (DMA, aye-aye). The principal points that have been discussed for many decades are whether the aye-aye is:
(i) the sister group of primates; (ii) the sister group of strepsirhines; or (iii) the sister group of lemurs. Very little
is known about Daubentonia evolution, particularly on the chromosomal background. The present report focuses on
the chromosomal history of this species. We used available chromosome painting data as the main source to iden-
tify conserved chromosomes, chromosomal segments and syntenic associations that have characterized the aye-aye
karyotype. The dataset includes 47 characters that have been subjected to a concatenated analysis using maximum
parsimony (MP) and Bayesian inference (BI). Both MP and BI topologies show Daubentonia as an independent
monophyletic lineage, sister group of all other Strepsirhini. Further, both trees have weak statistical support as
result of the high number of autapomorphies and homoplasies that have characterized the history of this group of
species.
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Introduction
The Strepsirhini(or Prosimii) represents one of the two
major primate groups. It can be divided into three infraor-
ders: the Chiromyformes (with only one representative:
Daubentonia madagascariensis (DMA), the aye aye), the
Malagasy Lemuriformes and the African and Asian
Lorisiformes (Groves 2001). The Feagle (1998) taxon-
omy, and more recent taxonomic interpretation, separated
Lemuriformes into ﬁve families: Cheirogaleidae,
Lemuridae, Lepilemuridae, Indriidae, and Daubentoniidae
(Mittermeier et al. 2008). Phylogenetic relationships
between these taxa are enigmatic (i.e., Roos et al. 2004;
Froenicke 2005; Murphy et al. 2005; Horvarth et al.
2008).
Our interest focuses on the Daubentoniidae. The fam-
ily has a sole living species, Daubentonia madagascari-
ensis, the aye-aye, which is the world’s largest nocturnal
primate (Figure 1a, b). It has a very controversial sys-
tematic and phylogenetic position (Dene et al. 1976;
Schwartz and Tattersall 1985; Rumpler et al. 1988;
Yoder et al. 1996; Groves 2004). Several morphological
features place D. madagascariensis as the ancestral
representative of the Malagasy radiation, with a basal
position in the phylogeny of the group.
Conversely many cranial, mandibular and dental fea-
tures have located Daubentonia in a clade together with
the Indriidae (a round skull and thicker lower incisor)
(Schwartz and Tattersall 1985).
Several molecular phylogenies propose two main
ramiﬁcations: that Daubentonia (i) is a sister taxon of
the other Malagasy lemurs (DelPero et al. 1995; Yoder
et al. 1996; Yoder 1997; Pastorini et al. 2002; Go et al.
2005); or (ii) is a primitive stock to all other prosimians
(e.g. Adkins and Honeycutt 1994; Arnason et al. 1998).
Nevertheless, molecular approaches do not shown a
sufﬁcient power of resolution for this species.
Karyological data did not support any of previous
hypotheses. DMA displays a rearranged karyotype, symp-
tomatic of a decided drift from the ancestral genome
(Rumpler et al. 1988; Rakotoarisoa et al. 2000). A similar
condition is present in all lemuriforms, which are charac-
terized by a high rate of chromosomal dynamics and gen-
ome reshufﬂing. At the present the unique cytogenetic
evidence for this genus highlights how Daubentonia
shares some very ancient chromosomal arrangements with
non-primate mammals (Warter et al. 2005).
The present study attempts to provide a phylogenetic
interpretation of this genus using chromosomal features
as sources in order to improve previous hypotheses con-
cerning its critical position. Chromosome painting data
of DMA have been compared with homologous data
from representatives of prosimians and Scandentia. This
*Corresponding author. Email: barbara@sanbi.ac.za
Caryologia: International Journal of Cytology, Cytosystematics and Cytogenetics
Vol. 65, No. 3, September 2012, 223–228
ISSN 0008-7114 print/ISSN 2165-5391 online
Copyright  2012 Dipartimento di Biologia Evoluzionistica, Università di Firenze
http://dx.doi.org/10.1080/00087114.2012.737130
http://www.tandfonline.com
D
ow
nl
oa
de
d 
by
 [B
arb
ara
 Pi
co
ne
] a
t 0
0:3
0 2
1 N
ov
em
be
r 2
01
2 
allows us to deﬁne an interpretative tree of syntenic
associations, with the scope of ﬁnding a phylogenetic
meaning under cladistic constrains.
Materials and methods
We collect all published chromosome painting data from
eight species within lemuriformes (Daubentonia madaga-
scariensis, Lemur catta, Eulemur fulvus, Microcebus
murinus, Avahi laniger, Indri indri, Lepilemur musteli-
nus, and Lepilemur ruﬁcaudatus) and three species
within lorisiformes (Galago moholi, Otolemur crassi-
caudatus, and Nycticebus coucang). Tupaia belangeri
(Scandentia) was included as outgroup.
The data were subjected to an unweighted maximum
parsimony (MP) analysis (PAUP 4.0, Swofford 2002),
using a heuristic search with 100 random sequence addi-
tions and (tree-bisection-reconnection branch swapping)
TBR branch swapping (Figure 2).
Robustness of the inferred trees was explored
through consistency indexes (CI) and retention indexes
(RI), and support for each node was assessed using 2000
bootstrap replicates. A Bayesian inference was then per-
formed using MrBayes version 3.2 (Ronquist and Huel-
senbeck 2003) (Figure 3). A total of 47 characters were
identiﬁed based on the presence/absence of human seg-
mental associations in the Strepsirhini and outgroup taxa,
and coded as shown in the data matrix (Table 1)
Results and discussion
Eight equally parsimonious trees (L= 58, CI = 0.53,
RI = 0.72 excluding non-informative characters) were
obtained by MP analysis, and the strict consensus of
these is shown in Figure 2.
An additional analysis has been performed using the
Bayesian method (posterior probabilities are shown at
the branches) (Figure 3). Our comparison shows interest-
ing results. Both topologies are only weakly supported
both by bootstrap values at most of the nodes (MP tree)
and Bayesian support values. This probably reﬂects the
high numbers of autapomorphies and homoplasies that
have accumulated during the chromosomal evolution of
this lineage (HSA4/9, 7/12/22, 7/13, 10/13, 17/7, 18/7,
19/20). Invariably, in both reconstructions Daubentonia
is a monophyletic lineage, thus rendering this species
unique and independent of the lemuriform group. This
result has been conﬁrmed by the recent genome
sequence of the aye-aye (Perry et al. 2011).
Additionally, the aye-aye maintains most of the
ancestral derived associations that have been postulated
for the AEK, and that characterized many mammalian
species (HSA3/21, 14/15, 7/16, 12/22 (twice), and 16/
19) but not all prosimians (Table 2). Table 2 highlights
another interesting aspect that underlines the distinc-
tiveness of Daubentonia: the presence of the HSA7/12/
22 syntenic association, which represents a cytogenetic
signature for squirrels (Li et al. 2004) (Rodentia).
Further a HSA7/12 association is also found in all
lorisiformes studied by a chromosomal painting
approach. This is a supplementary result that may con-
ﬁrm the early split of Daubentonia genus from the
other prosimians’ lineage.
Comparative chromosome studies have then con-
ﬁrmed the diversity of Daubentonia genome.
The diploid number is 2n= 30 chromosomes, one of
the lowest numbers of chromosomes among primates.
The karyotype consists of seven pairs of metacentrics,
ﬁve of submetacentrics, and two pairs of acrocentrics.
Figure 1. (a) Daubentonia madagascariensis in a sketch from Jophen Wolf (1832–1899) and (b) a skull from the Frans Lanting
photo collection (modiﬁed).
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The X and Y chromosomes are metacentric (Rumpler
et al. 1988; Poormann-Allen and Izard 1990). Contrary
to the abundant contributions attributed to morphological
or molecular studies, chromosomal reports are very few,
diversely to the conspicuous contribute produced by
morphological or molecular studies, chromosomal reports
are very decant (Rumpler et al. 1988).
Table 2 shows a list of the human syntenic associa-
tions that have been maintained in Daubentonia and in
other lemuriform genomes.
Chromosome painting studies detected ancestral
simplesiomorphies and synapomorphies as syntenic
blocks shared among different lineages. According to
these reconstructions a diploid number of 46 has been
postulated for the ancestral Eutherian karyotype (AEK)
(Froenicke et al. 2005), which includes 10 human chro-
mosomes (1, 5, 6, 9, 11, 13, 17, 18, 20 and X) con-
served in toto, and seven syntenic associations formed
from two or more human chromosomes (3p/21, 4/8p,
10p/12q/22qt, 12qt/22q, 14/15, 16p/7a and 19q/16q). In
this scenario chromosome painting data proved that
strepsirhine karyotypes are as derived as other primate
genera (Warter et al. 2005; Roberto et al. 2008). All pro-
simian genomes are linked by a simplesiomorphic share
Figure 2. Strict consensus of the eight most parsimonious trees (tree length = 58, CI = 0.53, RI = 0.72) obtained from the maximum
parsimony analysis. Numbers at the nodes indicate the statistical support values obtained from 1000 bootstrap replicates (only shown
if > 50%).
Figure 3. Most likely phylogenetic reconstruction derived from the Bayesian analysis. Numbers adjacent to the nodes indicate
estimated posterior probabilities.
Caryologia: International Journal of Cytology, Cytosystematics and Cytogenetics 225
D
ow
nl
oa
de
d 
by
 [B
arb
ara
 Pi
co
ne
] a
t 0
0:3
0 2
1 N
ov
em
be
r 2
01
2 
condition that had evolved into a more derived status in
the lemuriformes, producing the present chromosomal
organization.
Cytogenetic studies have demonstrated a lack of
derived syntenic associations shared by Lorisiformes and
Lemuriformes. These include HSA2/4, 4/6 and 8/15
associations in all lemuriforms (Carbone et al. 2002;
Warter et al. 2005), and HSA1q/19p, 2/12, 6/14, 12/7/16,
9/15 and 10/19q association in lorisiforms (Stanyon
et al. 2002; Nie et al. 2005), with the exception of
Daubentonia madagascariensis which certainly occupies
an uncharacteristic position (present study). This has
already been observed by early chromosomal banding
studies (R-banding) where Daubentonia unequivocally
held a distinct position from other lemurs (Rumpler et al.
1988; Poormann-Allen and Izard 1990; Dutrillaux and
Rumpler 1995).
In conclusion the position of the aye-aye is still one of
the major problems in Strepsirhini phylogeny. In fact, Dau-
bentonia has an autapomorphic nature in many aspects.
Table 1. The data matrix subjected to PAUP. Two codes have been established: 0 = absent; code 1 = presence of shared human
syntenic associations.
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(1) Body proportion and skeleton measurements
indicate that Daubentonia is strictly different
from other primates. An evolutionary and
adaptive evaluation of its morphology supports
Daubentonia within the order but does not
support a strict relationship with all other
Strepsirhini, leading to the hypothesis of a
sister-group ranking.
(2) Molecular studies place Daubentonia as a ﬁrst
divergent taxon with two possible consequences.
being an ancestor or alternatively a sister group
to other Malagasy lemurs.
(3) Chromosomal analysis has not resolved the
controversial position of Daubentonia. Our study
neither proves nor disproves the staus of
Daubentonia within the context of its position in
the primate tree.
In conclusion, the current work is an in silico study
of chromosomal data from previous publications on the
chromosomal evolution of the aye-aye of Madagascar
(Daubentonia madagascariensis). Our goal is to deter-
mine how the phylogenetic position of this species
diverges when chromosomal features have been used as
input source and mapped into a phylogenetic framework.
In this context, a reconstruction based on chromo-
somal syntenic groups revealed Daubentonia to contain
several chromosomal characters that are not shared with
other primates (lemurs, lorises, or anthropoids), but are
shared with non-primate mammalian relatives. This
raises serious questions about the nature of karyotypic
change.
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